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ABSTRACT 

Existing Americans with Disabilities Act 
Compliance Assessment Toolkits provide 
simple, pass-fail assessments of the 
requirements of the Americans with Disabilities 
Act (ADA) and other accessibility standards to 
assess the architectural barriers of the built 
environment. The toolkits include a 
Measurement Kit, which consists of various 
measuring instruments like, measuring tape, 
sound-level meter, light-level meter, magic 
slope block, etc. In this paper, we show that 
many of the instruments in the Measurement 
Kit can be effectively (having acceptable 
accuracy) implemented as a software 
application on a smartphone equipped with 
sensors like, accelerometer, gyroscope, and 
microphone which we call Americans With 
Disabilities Act Measurement Tool (ADAMT). We 
provide detailed algorithms and experimental 
results showing that an iPhone or iPod Touch 
4.0 application (ADAMT) can serve as 
measuring tape, sound-level meter, as well as 
slope meter, making the ADA Compliance 
assessment both cheaper and more portable. 

INTRODUCTION 

Over 50 million Americans have some 
kind of physical, sensory, cognitive, or mental 
disability [1]. The Americans With Disabilities 
Act (ADA) of 1990 sets the minimum 
requirements (minimum door width, staircase 
slope, etc.) for state and local government 
facilities, public accommodations, and 
commercial facilities to be readily accessible to 
and usable by individuals with disabilities with a 
view to eliminate architectural barriers for 
these people. The most popular The Americans 
with Disabilities Act - Compliance Assessment 
Toolkits is ADACAT [11-12]. It is a screening 
tool-kit, which allows individuals without 
advanced training to assess the architectural 

barriers of the built environment [1, 9]. It 
consists of two parts: Audit and Measurement 
Kit. Each audit is essentially a web-based 
questionnaire concentrating on the legal 
requirements of the ADA. The answers to the 
questions in an audit come from the actual 
measurements performed using the 
Measurement Kit. After answering the questions 
in an audit, the person, who is performing the 
accessibility-assessment, can click the “Score 
Audit” button to receive a numerical score of 
the degree of accessibility and usability 
compliance of say, a room [10].  

The Measurement Kit consists of a 
measuring tape, a sound-level meter, a light-
level meter, a door force tool, etc. In this 
paper, our focus is limited to implementing the 
measuring tape, the magic slope block, and the 
sound-level meter of the Measurement Kit as a 
smartphone application (ADAMT). The 
measuring tape is used to measure width of 
hallways and doors, height of signages, 
barriers, and clearances under desks and 
tables. A digital sound-level meter enables 
pass-fail assessments of the environmental 
sound-level with sufficient precision. The magic 
slope block enables one to measure slopes of 
ramps and paths, and cross-slopes of both 
[11].  

In this paper we show that a 
smartphone equipped with accelerometer, 
gyroscope, and microphone can adequately 
(having acceptable accuracy) serve as a 
measuring tape, sound-level meter, and slope 
meter. In order to measure length or height 
(measuring tape) the accelerometer of the 
smartphone is used to perform dead reckoning 
based inertial navigation [2]. The basic idea is 
to integrate acceleration twice to get the 
position of the phone and the distance (length 
or height) is the difference between the final 
and the initial positions of the smartphone. The 
Microelectromechanicalsystem (MEMS) type 
accelerometer used in a smartphone is 



susceptible to various deterministic and 
stochastic errors. Two consecutive integrations 
at each time instant cause any small error to 
grow large very quickly [3]. 

The deterministic errors include, bias, 
scale-factor, nonorthogonality, etc., whereas 
the stochastic errors include, random walk, 
Gauss-Markov process, etc [4]. We apply the 6-
position static test to determine the principal 
deterministic errors (bias, scale-factor, and 
non-orthogonality), and then we use this 
information to calibrate the sensor-data, before 
applying stochastic error removal techniques 
[5]. In order to reduce the stochastic errors, we 
use Allan Variance technique for determining 
velocity random walk error coefficients of the 
accelerometer (data) and then we feed those 
coefficients into a Kalman filter along with the 
calibrated data [3, 6].  

The smartphone’s microphone is used to 
record audio data, and then the environmental 
sound-level is determined from the Fast Fourier 
Transform (FFT) coefficients calculated from the 
recorded audio data utilizing Parseval’s identity 
to avoid the calculation of inverse FFT [7]. We 
use gravity and gyroscope data to measure 
slope. 

MOTIVATION 

At present, all the measuring 
instruments of ADACAT's Measurement Kit are 
accommodated in a 30'' × 8'' × 4'' bag that 
weighs about 4 lbs. and it costs about $650 
[11]. Obviously, smartphone software capable 
of performing most of the measurements 
required by the ADA with acceptable accuracy 
can make the Measurement Kit cheaper (since 
many people already possess smartphones) 
and more portable; this is the principal 
motivation behind our work.  

A database containing accessibility ratings 
of various parts of all the buildings can assist 
the people with disabilities to live 
independently. For example, with such a 
database in place, a person with disabilities can 
inquire about a building before actually going 
there or he may find some facility, e.g., a 
nearby restaurant, which has good accessibility 
scores. In order to populate such a database, 
the participation (may be voluntary) of a great 
number of individuals is needed. The goal is 
very unrealistic with the present Measurement 

Kit of the ADACAT, which is too cumbersome 
and costly. On the other hand, if a person with 
disabilities feels that part of a building does not 
comply with the ADA standards, he can perform 
the measurements using his smartphone with 
much more ease than using the various 
instruments of the Measurement Kit of the 
ADACAT; and if needed he can then report his 
findings to the appropriate authority. 

             
Figure 1: Smartphone's sensor axes 

MEASUREMENT KIT ON SMARTPHONE 

Measurement of length/height 

The basic idea for measuring length and 
height using a smartphone is to apply dead 
reckoning based inertial navigation. The phone 
is moved through air from the starting point of 
the distance to be measured, to the ending 
point. The acceleration data received from the 
phone’s accelerometer is integrated twice at 
each time instant to determine the current 
position of the phone [2]. We assume the 
starting point of the smartphone to have 
coordinates 03×1 and thus the Euclidean 
distance between the last position, �𝑠𝑥,𝑙𝑎𝑠𝑡 ,
𝑠𝑦,𝑙𝑎𝑠𝑡 , 𝑠𝑧,𝑙𝑎𝑠𝑡]𝑇 and the starting point is the 
distance of interest. So we have, 

distance = �𝑠𝑥,𝑙𝑎𝑠𝑡
2 + 𝑠𝑦,𝑙𝑎𝑠𝑡

2 + 𝑠𝑧,𝑙𝑎𝑠𝑡
2   (1) 

In order to determine the phone’s position at 
each time instant we apply Newton’s laws of 
motion along each of the three axes: 

 𝑣𝑎𝑥𝑖𝑠,𝑘 = 𝑣𝑎𝑥𝑖𝑠,𝑘−1 + 𝑎𝑎𝑥𝑖𝑠,𝑘𝛿𝑡  (2) 

 𝑠𝑎𝑥𝑖𝑠 ,𝑘 = 𝑠𝑎𝑥𝑖𝑠 ,𝑘−1 + 𝑣𝑎𝑥𝑖𝑠,𝑘𝛿𝑡 + 12𝑎𝑎𝑥𝑖𝑠 ,𝑘𝛿𝑡2 (3) 

Where, k = 1, 2, … are time instants at which 
we determine the smartphone’s positions; vaxis,k 
is the speed of the phone at time instant k 
along an axis (x, y, or z) as depicted in Fig. 1; 
aaxis,k is phone’s acceleration received from the 
phone’s accelerometer; δt is the time-difference 



between two consecutive time-instants; and 
saxis,k is the phone’s position. We describe the 
calibration of accelerometer data (to remove 
deterministic errors like: scale factor, bias, and 
nonorthogonality) in the experimental section. 
In order to reduce uncertainty of the calculated 
position of the smartphone due to random 
errors in the accelerometer data, we apply the 
Discrete-time Kalman Filter (DKF) [2].   

               
Figure 2: Slope using gravity 

Measurement of Slope 

Slope is the angle between the horizontal 
surface and a ramp or road. We determine the 
solpe of an inclined surface in the following two 
methods: 

1. Using gravity: 

The phone is placed on the inclined 
surface in such a position that the slope 
of the surface is the angle of a 
counterclockwise rotation (θ) of the 
phone about its x-axis as shown in Fig. 
2. Here g = 9.8 ms-2. Gravity along z-
axis is gz= -cosθ. So the slope is, θ =    
-cos-1gz. Core Motion Framework (CMF) 
of iOS 4.0 gives the value of gz [12]. 

2. Using gyroscope: 

The phone remains as in Fig. 2 and the 
roll (rotation about x-axis) value 
received from the gyroscope using CMF, 
provides the slope (ψ) directly. 

Finally, we take the weighted average of the 
two slopes acquired from the above-mentioned 
two methods, as the slope (φ) of the surface 
[7]: 

  𝜑 =  𝑤1
2×𝜃+𝑤22×𝜓 
𝑤12+𝑤22

   (4) 

Where w1=σ1
-1, w2= σ2

-1, and σ1 and σ2 are 
standard deviations of θ and ψ. 

Measurement of Sound-level 

Human ear does not respond to all sound 
frequencies with equal sensitivity. As a result, 
even if two different noises have the same 
sound pressure level, any one of them could 
appear louder to a person when the sound 
power of that noise is concentrated in a 
frequency region where human ear is more 
sensitive. For this reason, frequency-weighting 
is used in sound level meters so that the meter 
becomes less sensitive at frequencies where 
human ear is less sensitive [8]. Among 
different frequency-weighting filters, A-
weighting is the most popular and widely used 
one [13]. ADACAT's digital sound-level meter 
also employs A-weighting for measuring sound-
level [14].  

In order to measure sound-level, sound-
data is recorded over δt length of time using 
the smartphone’s microphone at a periodic 
interval of Δt (Δt > δt), then Fast Fourier 
Transform (FFT) is applied on the recorded 
sound-data. A-weighting is applied on the FFT 
coefficients and utilizing Parseval’s identity we 
calculate mean energy of the recorded sound-
data from the A-weighted FFT coefficients. 
Using Parseval’s identity lets us avoid the 
calculation of inverse FFT, saving computational 
cost [7]. Finally the mean energy thus 
calculated is translated into decibel unit. In 
order to match the output of ADACAT's digital 
sound-level meter, we find a mathematical 
relationship between the smartphone's output 
and that of the digital meter, which we describe 
in the experiment section. 

EXPERIMENT AND EVALUATION 

Measurement of length/height 

Most of the Americans With Disabilities 
Act (ADA)’s length or height measurements are 
limited to 5 feet [1]. In this section we show 
that an iPhone or iPod Touch 4.0 application 
can determine length or height of 5 feet or less 
with good accuracy given that both calibration 
and Discrete-time Kalman Filter (DKF) are 
used. For calibration we performed the 6-
position static test [5]. In order to compute the 
process-noise covariance matrix and the 
measurement-noise covariance matrix to be 
used in DKF, we collected 6-hrs of static 
acceleration data at 100 Hz sampling 



frequency, keeping the z-axis of the device 
pointing upwards on a level surface.  

In order to compute the value of the 
coefficient of Velocity Random Walk (used in 
DKF process noise convariance matrix), we 
computed Allan variance for each axis of the 
accelerometer using the 6-hrs data (after 
subtraction of mean) [3]. 
Following table compares our distance 
measurement component with available iPhone 
applications for measuring a distance of up to 
70.25”: 
App name Method Absolute error 
AccelaRuler Slide phone: 

injurious for 
phone 

3.6’’ 

Point & Measure Need to know 
phone’s height 

4.5’’ 

Sonic ruler Need quiet room, 
smooth surface 

Large 

Our Algorithm Move in air, easy, 
phone’s safe 

0.97’’ 

Measurement of slope 

We kept the iPod Touch flat on a 
horizontal surface keeping the z-axis pointing 
upwards, and collected a set of values for θ and 
ψ (as in Eq. 4) at a sampling rate of 0.5 Hz.  

         
Figure 3: Slope using scale 

From these values we calculated σ1 (≈1.40×10-

3) and σ2 (≈4.92×10-4). To measure the 
reference values of various slopes, we kept the 
phone as in Fig. 3, varying the object's height 
(h). With a scale we measured the phone's 
(iPod Touch's) length λ) and the object's height 
(h) and then the reference value of slope, 
𝜋 = 𝑠𝑖𝑛−1ℎ𝜆, which is equivalent to using the 
magic slope block of ADACAT. Following table 
shows that measured slopes have sub-degree 
level precision: 
         Scale(𝜋)          Phone(𝜑) |𝜋 − 𝜑| 

12.46𝑜 12.40𝑜 0.06𝑜 
27.88𝑜 27.53𝑜 0.35𝑜 
43.67𝑜 43.42𝑜 0.25𝑜 
53.67𝑜 53.87𝑜 0.20𝑜 
62.74𝑜 62.94𝑜 0.20𝑜 

Measurement of sound-level 

We measured sound-levels at different 
places using both ADACAT’s digital meter and 

our algorithm. FFT was calculated using vDSP 
library of iOS 4 [15]. Fig. 4 shows the least-
squares fit between two data sets: 

 
    Figure 4: Fitted sound-level data 

Later we used the fitted equation (on top of 
Fig. 4) to calculate sound-level in real time. The 
following table compares our algorithm with 
available iPhone applications for measuring 
sound-level: 

App name |𝑒𝑟𝑟𝑜𝑟| 
dB 9 dB 
SPL meter 6 dBA 
db meter  4 dB 
Our 

 
1.5 dBA 

CONCLUSION 

The experimental results show that it is 
feasible to implement existing toolkit’s s 
distance, slope, and sound-level measurement 
components as single smartphone software 
having acceptable accuracy that is more 
portable and less costly. Presently we are 
implementing two more components for 
measuring light-level and signage font’s width-
to-height ratio. These five components will 
cover most of the ADA measurement scenarios. 
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